Objective The purposes of this study were to measure the muscle strength,
INTRODUCTION
Recently, young women (high school students and college students) are inclining toward lean figures' and it is thought that this inclination promotes the reduction of lean body mass through wrong diets.
[2] Most of the typical wrong diets are based only on food restriction, and it has been shown clearly that this process causes the fall of insulin-like growth factor-1 (IGF-I) and induces the reduction of muscle mass and bone mass.
[3] That is, diets only by food restriction decrease lean body mass greatly [4] , [5] and may cause hidden obesity, though the effect of weight loss itself is recognized. Many studies have been conducted so far on the characteristics of the physical fitness of obese persons. The reports of those studies say that obese persons have higher static strength [8] but are inferior in physical fitness accompanying weight shifts (vertical jump power etc.) [9] compared with nonobese persons. On the other hand, concerning the characteristics of the physical fitness of people with hidden obesity, it is reported that they have lower physical fitness than obese and non-obese persons and that especially the fall of muscular power is remarkable. [10] However, the characteristics of the physical fitness of people with hidden obesity have not been clarified sufficiently, and the interrelationship of the characteristics of physical fitness has not been investigated.
Therefore, the purposes of this study were to measure the aerobic ability and muscle endurance of people with hidden obesity for comparison with those of a control group, to clarify the relation between aerobic ability and muscle endurance, and to examine the interrelationship of the physical fitness of female college students with hidden obesity. 
METHODS

Subjects
Subjects were 178 healthy adult women (18-19 years old). To the subjects, the gist of the experiment and objectives was orally and with printed materials explained, and then written consents were obtained prior to the start of the experiment. Determination of body size
We determined height, weight, body mass index (BMI), body fat, lean body mass and waist/hip ratio for the determination of body size in this study. The height was determined with use of metal height measure (Yagami, Inc.). The weight, BMI, body fat and lean body mass were determined with use of weight-body fat balance (BF-580, Tanita, Inc.). We figured out the waist/hip ratio by measuring maximum circumferences of the waist and of the hip part by a measure and dividing the maximum circumference of the waist by that of the hip.
Classification of the subjects
According to the results of the measurement of body size and body fat, those given standard BMI (18.5-25) and with body fat less than 30% are classified into control group; those given standard BMI (18.5-25) and with body fat over 30% into hidden obesity group; those given obesity BMI (over 25) into the obesity group; those given lean BMI (under 18.5) into the lean group. The breakdown is the control group 83 person; the hidden obesity group 40 person; the obesity group 30 person; and the lean group 25 person. The classification of each group is based on the BMI sheet of the Japan Society for the Study of Obesity revised in 2000. In addition, the hidden obesity group was only compared with the control group, and not with the obesity group or the lean group in order to clarify the hidden obesity persons' characteristics of physical fitness in this study.
Determination of physical fitness
We determined grip strength as the determination of muscle strength, had a vertical jump as that of muscle power, had a step test as that of the aerobic ability, and had them upper body raising as that of the muscle endurance.
1) Determination of grip strength: we used a digital grip strength meter (Takei, Inc.) to determination grip strength. A subject, straightly standing, holds a digital grip strength meter with the maximum effort, making a right angle at the second joint of the index finger. The measurement was done twice, from which the larger value was recorded.
2) Determination of vertical jump: we used a digital vertical jump meter (Takei, Inc.) to measure vertical jump. A subject, straightly standing, attaches a belt with a digital vertical jump meter on the waist measured the jump with the maximum effort. The determination was done twice, from which the larger value was recorded.
3) Determination of the aerobic ability: aerobic ability was determined by the step test (bench stepping test) comprising stepping up and down on the steps at a rate of 30 times per minute for consecutive 3 minutes; subsequently, every 30 seconds heart rates were determined 1,2 and 3 minutes after 4) Measurement of the muscle endurance: for determination of trunk muscle endurance, abdominal muscle exercises consisting of repetition of upper-body raising exercises for 30 seconds under the maximum efforts were performed. Prior to determination of the abdominal muscle exercises by means of the upper-body raising exercises, a couple of subjects formed each pair; one partner as the subject took a supine position with both legs opened to place them 30 cm apart and bent knees at right angle, with both hands piled up under the head while another partner firmly fixed both ankles of the subject. Immediately after a certain signal, the subject commenced upper body raising exercises. The upper body was firmly raised until both elbows reached both knees, followed by lowering the upper body until the back reached the floor; these movements were repeated for 30 seconds. Statistical analysis Table 2 demonstrates physical exercise histories in the control group and the hidden obesity group. A physical exercise history is defined as the total number of years in which physical exercises were regularly done in elementary, junior high, and senior high schools. Physical exercise histories in the hidden obesity group were significantly lower than control group.
Comparison of grip strength, decision index of step test, vertical jump, and upper-body raising in the control group and the hidden obesity group. istics may not be clarified even if physical characteristic measurement is achieved with these subjects. A comparison and contrast was also done between a control group and a hidden obesity group where there was no meaning difference in terms of height and weight in the previous study report[2], [11] In this study, thus, we randomly selected 15 subjects of each group who do not show any significant difference in height and weight examining them in comparison and contrast. There were significant differences in grip strength, vertical jump, and upper-body raising between the control group and hidden obesity group, while there were no significant differences detected in the decision index of step test.
Relationship between muscle strength, muscle power, aerobic ability and muscle endurance in the control group and the hidden obesity group. Table 4 Correlation coefficient between grip strength, vertical jump, decision index and upper body raising in the control and hidden obesity group.
thought that wrong diet methods have contributed to the increase of the breakouts of hidden obesity cases in the turmoil of diet booms these years. [11] By examining the lean body mass of hidden obesity persons with the 278 subjects of female junior college students, Nakata et al. [10] have reported that there were significantly low values observed in the comparison and contrast with the control and obesity group. In this study, however, there was significant difference in body fat and BMI detected in the comparison and contrast between control and hidden obesity groups. According to this result, it can be thought that hidden obesity persons, even within the range of normal weight, have stronger inclination toward obesity in comparison to controls. It is natural, thereby, that there is a significant difference detected in body fat and BMI of both groups. However, the reality of hidden obesity persons cannot be clarified in comparing and contrasting both groups' physical characteristics when there is significant difference detected in body fat and BMI. A previous study also compared and contrasted a control group with a hidden obesity group with no significant difference in heiiht and weight.
[2], [11] Accordingly, this study also examined in a comparative manner a control and a hidden obesity group without any significant difference. Eventually, there were significant differences identified in grip strength, vertical jump, and upper-body raising with an exception of decision index of step test. A previous study measured grip strength, back muscle strength, vertical jump, and upper-body raising among others, in each of which items it is reported that a hidden obesity group showed significantly low values compared to controls. [10] As is stated above, the decrease of lean fat tissues can be given as a characteristic of hidden obesity persons. Tsuji et al.
[3] have identified short physical exercise history and decrease in the physical activities as main causes for the decrease of hidden obesity persons' lean body tissues. Kajioka et al.
[2] also have reported that hidden obesity persons have less physical exercise experience since school ages and that the their physical activities in daily lives showed significantly low values compared with control group. This study also shows that the total number of years of hidden obesity persons' physical exercise history during elementary, junior high school and high school years is a significantly low value compared with that of control group. In other words, it can be considered that hidden obesity persons have less physical exercise experiences since school ages not causing the increase of lean body tissues, especially of the skeletal muscles. A previous study has confirmed that there is a significant correlation between the amount of lean body mass and muscle strength. [12] These studies indicate that it could be thought that the physical fitness of hidden obesity persons is a result of the underdeveloped muscle strength and the decrease of muscle functions due to a lack in the physical activities from school ages to the present.
A previous study has reported that obesity persons are inferior to non-obesities in physical fitness and physical exercise ability in moving bodiesJ131 Nakata et a1. [10] and Fujise et al." have also reported about hidden obesity persons in a manner similar to obesities. However, there had been no study done on the muscle strength, muscle power, aerobic ability and muscle endurance; therefore, we tried to study the correlations of grip strength, vertical jump, step test and upper-body raising, which serve as indexes for each. Eventually, there have been significant correlations found in control group every item with the exceptions of vertical jump and upper-body raising, while there have been no significant correlations detected between each items in the hidden obesity group. That is, it seems that there is a cooperation working between the muscle strength, muscle power, aerobic ability and muscle endurance in control group. On the other hand, it is suggested that there is little cooperation between the muscle strength, muscle power, aerobic ability and muscle endurance in the hidden obesity group and that their synthetic physical fitness (muscle strength, speed and endurance [14] ) is scarce. Shite et a1. [15] have studied the relationship between shortdistance running, which requires muscle strength and muscle prowess, and long-distance running, which requires the aerobic ability and that of muscle endurance, with the subjects of elementary school children in their senior years and have reported that there was a significant correlation between them. In other words, it is thought that while the three elements of muscle strength, speed, and endurance [14] grow side by side in control group, the hidden obesity group, which their little physical exercise experiences since their school years, have grown up with their development in immaturity.
As for potential obesity, its relationship to lifestyle-related diseases has also been put into questions in addition to the decrease of muscle strength due to the decrease of lean body mass.
[3] Ruderman et al. [16] have also reported that a reduced skeletal muscles could be a dangerous factor of diabetes and heart diseases related to hardened arteries by aggravating glucose metabolism and bringing about insulin resistance. It seems that a more detailed study will be needed as to physical fitness of hidden obesity persons from now on.
It was thought that the diminished physical fitness of subjects with hidden obesity was caused by the fact that insufficient physical activities from school age until now suppressed the development of lean body mass, especially skeletal muscle, and deteriorated muscle functions. Moreover, it was suggested that synthetic physical fitness (muscle strength, speed and endurance) has not been developed harmoniously in subjects with hidden obesity.
CONCLUSION
We investigated the relation between muscle strength, muscle power, aerobic ability and muscle endurance, and to examine the interrelationship of the physical fitness of female college students with hidden obesity. Physical fitness and physical exercise histories in hidden obesity were significantly lower than control group. Moreover, no significant correlation was found between the muscle strength, muscle power, aerobic ability and muscle endurance in the hidden obesity group. It was suggested that synthetic physical fitness (muscle strength, speed and endurance) has not been developed harmoniously in subjects with hidden obesity. 
